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® Process for producing staurosporlne derivatives. 

® Disclosed is a process for producing a staurosponne derivative represented by Formula (1): 



0. 

UJ 



Rank Xerox (UK) Bustnass S»rvicea 
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H 
N 




CH3 

wherein: 

0 represents hydrogen or 'X-(CH2),„-Y-(CH2)„-Z or a pharmaceutically acceptable salt thereof, which 
comprises oxidizing a compound represented by Formula (tl) 



N 




wherein Q has the same meaning as previously defined.with dimethylsulfoxide (OMSO) and an aqueous alkaline 
solution. Also, disclosed is a novel staurosporine derivative represented by the formula (I) wherein 0 is 
•X-(CH2U-Y-(CH2)*-Z The staurosporine derivative (I) possesses selective protein kinase C-inhibitory and cell 
growth-inhibiting activities, and platelet-increasing activity. 
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Background of the Invention 

The present invention relates to a process for producing staurosporine derivatives. The present 
invention further relates to a novel staurosporine derivative. 
s Staurosporine is a known antitumor agent having the following formula: 



fO 



20 




25 Staurosporine: Xa=H 

UCN-^1: Xa=OH 

As the staurosporine derivatives. UCN-01 having anti-tumor activity is known (EP-A-238011 . U S. Patent 
30 No. 4.935.415). Further, stereoisomers of UCN-Ot are disclosed in Journal of Antibiotics. 42. 564 (1969): 
and derivatives of UCN-Ol. are disclosod in WO89.07105. ~ 
The following two methods have heretofore been known, for producing UCN-Oi : 
(DA fermentation method which comprises culturing a microorganism belonging to the genus Strep- 
tomyces and having an ability to produce UCN*01 \n a medium, and recovering UCN*Q1 therefrom (U.S. 
35 Patent No. 4.935,415). 

(2) A chemically synthetic method which comprises oxidizing Compound (A) represented by the formula 
(A), which is easily produced from staurosporine with lead tetraacetate in acetic acid and removing the 
protecting group by the catalytic reduction of the oxidized product of Compound (A) to afford UCN-01 
(European Publication No. 383.919). 

40 



45 



50 
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5 



to 



25 




UCN-01 



However, the potency in the fermentation method is low: and the yield in the chennically synthetic 
method is low since the method involves three steps for obtaining UCN^l. 

35 

Summary of the Invention 



The staurosporine derivatives as used herein mean UCN-OI and UCN-01 derivatives. 

An object of the present invention is to provide a process for efficiently and simply producing UCN-01 
40 and UCN-01 derivatives 

Another object of the present invention is to provide a novel UCN-01 derivative. The novel UCN-01 
derivative possesses selective protein kinase C-inhibitory and cell growth-inhibitory activities, and platelet- 
increasing activity. 

In accordance with the present invention, there is provided a process for producing staurosporine 
45 derivatrves [hereafter referred to as Compound (I); compounds having other formulae numbers are similarly 
referred to] represented by Formula (l): 



so 



55 
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(I) 



wherein: 

0 represents 

hydrogen or 

-X-(CH2)^-Y-(CH3)„-2 

wherein 
X represents 

a single bond or -CO* 
Y represents 

a single bond or -CH(OH)- 
2 represents 

hydroxy. 

0 C 0 N R' 

In which each of R* and fl^ 

independently represents hydrogen or lower alkyl. or R' and R^. combined together • with the 
nitrogen atom adjacent thereto, form a heterocyclic group carboxyl. 

in which each of and R* 

independently represents hydrogen or lower alkyl. or R^ and R*. combined together with the 
nitrogen atom adjacent thereto, form a heterocyclic group or. substituted or unsubstituted aryl. 
each of m and n independently represents an integer of from 0 to 6. 

or a pharmaceuticalty acceptable salt thereof, 

which comprises oxidizing a compound represented by Formula (II): 




(II) 



wherein Q has the same meaning as previously defined, with a mixture of dlmeihylsulfoxide (DMSO) and an 
aqueous alkaline solution. 
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Furthermore. In accordance with the present invention, there is provided a novel UCN-01 derivative 
represented by the fornnula (l-i): 




(i-i) 



N-X-(CH2)„,-Y.(CH2)„-Z 
CH3 

20 

wherein: 

X represents 

a single tiond or -CO- 
Y represents 
?5 a single bond or -CH(OH)« 

Z represents 
hydroxy. 
O C 0 N R' R2. 
in which each of R' and 

JO independently represents hydrogen or lower alkyt. or R' and R^. combined together with the 

nitrogen atom adjacent thereto, form a heterocyclic group 
carboxyt. 
N R3 R*. 

in which each of R- and R* 

.75 independently represents hydrogen or lower alkyl. or and R*, combined together with the 

nitrogen atom adjacent thereto, form a heterocyclic group 
or. substituted or unsubstituied aryl. 

each of m and n independently represents an integer of from 0 to 6, 
or a pharmaceuticaily acceptable salt thereof. 

Detailed Description of the Invention 



In the definition of the groups in formulae (I) and (1-1). the tower alkyl means a straight or brancfied alkyl 

having 1 to 6 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, tert-butyl. pentyl and hexyl. The 
45 heterocyclic group to be formed by R' and R^, or by R^ and R*. along with the nitrogen atom adjacent 

thereto includes, for example, pyrrolidinyl. imidazoiidinyl. pyrazolidinyl, piperidino. morpholino. plperazinyl. 

N-methylpiperazinyl. indolinyl and isoindolinyl. 

The substituted or unsubstituted aryl includes, for example, phenyl and naphthyl. which is optionally 

substituted with t to 3 substituents Independently selected from the group consisting of lower alkyl, lower 
so atkoxy, amino, halogen and nitro. The alkyl and the alkyl moiety in the lower alkoxy have the same meaning 

as defined above. The halogen includes fluorine, chlorine, bromine and iodine. 

As the pharmaceuticaily acceptable salt of Compound (I), mention may be made of an acid addition^sait 

such as hydrochloride, hydrobromide. sulfate, formate, acetate, benzoate. maleate. fumarate. succinate. 

tartrate, citrate, oxalate, methanesulfonate. toluenesulfonate. aspartate and glutamate; an ammonium salt: an 
55 alkali metal salt such as lithium salt, sodium salt and potassium salt: an alkaline earth metal salt such as 

calcium salt and magnesium salt: an organic amine addition salt such as triethyiamine salt, N-methylmor- 

phoilne salt, piperidine salt and dicyciohexy famine salt; an amino acid addition salt such as arginine salt and 

lysine salt. 
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As an alkali source suitable tor the aqueous alkaline solution for use in the process for producing UCN- 
01 and UCN-01 derivatives, mention may be made of hydroxides of alkali metals such as lithium, sodium 
and potassium, and hydroxides of alkaline earth metals such as calcium and magnesium. Preferably, 
sodium hydroxide and potassium hydroxide are used. The concentration of the aqueous alkaline solution Is 
in the range of O.iN to tON. 

The mixing ratio of OMSO with the aqueous alkaline solution is from 2:1 to 10:1. The mixture may be 
used in an amount of from 5 to 100 ml per gram of Compound (II). The oxidizing reaction is generally 
carried out at a temperature of from 0 to 50 * C. and the reaction time is in the range of from l to 24 hours. 

After completion of the reaction, the reaction mixture is extracted with an organic solvent, and the 
organic layer is subjected to purification by. for example, chromatography or the like to isolate and obtain 
the intended Compound (I). 

Out of Compound (II). staurosporine which is Compound (II) wherein Q is hydrogen, is commercially 
available from Kyowa Medex Co.. Ltd.. Japan. The process for producing Compound (fl-1) which is 
Compound (II) wherein Q is -X-(CH2)„-Y-(CH3)„-Zi$ gjven below. 

Out of Compound (ll-i). Compound (II- M). which is Compound (H-i) where X is a single bond is 
produced by the following reaction step. 




NH 
CH3 

staurosporine 



OHC-(CH2)^.i-Y-(CH2)n-Z 

(III) 

NaBHsCN 




H3C 
H3CO 



N-(CH2)„— Y-(CH2)n-Z 



^3 

(II-M) 



ss 



wherein m. n. Y and Z have the same meanings as defined above. 

Staurosporine is reacted with Compound (111) having the formula OHC-{CH2)«.,-Y-(CH2)«-2 (in which m. 
n. Y and Z have (he same meanings as defined above) in an inert solvent, such as tetrahydrofuran (THF). at 
a pH of 5 to 6 in the presence of a suitable reducing agent such as sodium cyanoborohydride to obtain 
Compound (IM*t). The reducing agent and Compound (III) are individually used in an amount of from 2 to S 
equivalents based on staurosporine. The reaction is carried out at 0 to 50* C and completed in 1 to 5 hours. 
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Out of Compound (II- 1). Compound (iM-2). which is Compound {\^•^) where X is -CO- is produced by 
the following reaction step. 



HaICO{CH2)niY-(CH2)nZ 

(IV) 

fo staufospofine 3 



(IM-2) 



where Hal represents chlorine, bromine or iodine, and m. n. Y and Z have the same meanings as defined 

above. 

Staurosporine is reacted with Compound (IV) having the formula HalCO-(CH2)n,-Y«(CH2)„-Z (in which 
25 Hal. m. n. Y and Z have the same meanings as defined above) In the presence of a suitable base such as 
pyridine and Iriethylamine. optionally m a solvent such as methylene chloride to obtain Compound (11-1-2). 
Compound (IV) is used in an amount of from 1 to 5 equivalents based on staurosporine. The reaction is 
carried out generally at 0 to 50 'C and completed in 0.5 to 6 hours. 

Out of Compound (11-1). Compound (11-1 -3), which is Compound (II- 1) where Z is NR^RV is produced by 
30 the following reaction step. 





50 where Hal. m. n. X. Y. and R* have the same meanings as defined above. 

Compound (B) can be obtained by reacting staurosporine with Compound (III) or <IV) where Z is Hal, in 
accordance with the process for producing Compound (ll-M) or <ll-i-2) as defined above. Compound (B) is 
reacted with Compound (V) represented by HNR3R* (where R^ and R* have the same meanings as defined 
above) in an inert solvent such as dimethyiformamide (OMF) in the presence of a base such as 

ss triethylamine, to obtain Compound (11*1-3). The base and Compound (V) are individually used in an amount 
of from 2 to 6 equivalents based on Compound (B). The reaction is carried out at 0 to 50* C and completed 
in I to 24 hours. 



8 



EP 0 575 955 A1 



Out'Of Compound (1I-1-2). Compound (IM-2*1) vvhich is Compound (tl-1-2) where Z is COOH may also 
Oe produced by the following reaction step. 



to 



CO ^co 

I I 

(CH2),-Y-(CH2)n 

(VI) 



Siaurospofine 




N-CO(CH2)m-Y-(CH2)n-COOH 
CH3 



wherein m. n and Y have the same meanings as defined above. 

Compound (11-1-2-1) can be obtained by reacting staurosporine with Compound (VI), in an inert solvent 
such as OMF. in the presence of a base such as dimethylaminopyridine. The base is used in an amount of 
from 0.5 to 1 equivalent based on staurosporine; and Compound (VI) is used in an amount of from 2 to 3 
equivalents based on staurosporine. The reaction is carried out at 0 to 50* C and completed in 3 to 5 hours. 

Compound (ll-t-a) which consists of Compound (ll-l) where Z is OCONR^R^ and Compound (IH-2) 
where Z is NR^R^ . m and n are both 0 and Y is a single bond, may also be produced by the following 
reaction step. 
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20 




HNR^R° 

mil) 



H 
N 

^ N-J/*/-CONR^R*^ 
CH3 

;il-l-a) 




/ 

H^CVV 

^ N-W-COO— ( J^NOj 
CH3 

(C) 



^^^^^^ 



where NR^R** has the same meaning as NR'R^ as defined above; and W represents •X-(CH2)„*Y-(CHj)n-0 
(in which m. n and Y have the same meanings as defined above) or a single bond. 
35 Compound (VII). which 15 Compound (II- 1) where 2 is hydroxy, is reacted with nitrophenyl chlorocar- 
bonate in an inert solvent such as THF and chloroform, in the presence of a base such as triethylamlne to 
obtain Compound (C). The base and nitrophenyl chlorocarbonate are individually used in an amount of from 
t to 5 equivalents based on Compound (VII). The reaction rs carried out at 0 to 50* C and completed in 2 to 
24 hours. 

40 Compound (C) is reacted with Compound (VIII) having the formula HNR'R** (in which NRW has the 
same meaning as defined above) in an inert solvent such as chloroform and OMF in the presence of a base 
such as triethylamine to obtain Compound (11- 1 -a). The base and Compound (VIII) are individually used in 
an amount of from 2 to 6 equivalents based on Compound (C). The reaction is carried out at 0 to 60 'C and 
completed in I to 24 hours. 

45 Out of Compound (11-1 ). those where Z is an aryl substituted by amino, can be obtained by catalytically 

reducing the corresponding compound where the corresponding substituent in the substituted aryl is nitro. 

with 10% palladium catalyst (Pd'C) in an inert solvent such as OMF. The reaction Is carried out generally at 

0 to 50 * C and completed in 2 to 5 hours. 

The intermediates and objective compounds in the respective methods described above can be isolated 
so and purified by purification methods conventionally used in organic synthetic chemistry, for example. 

filtration, extraction, washing, drying, concentration, recrystallizatlon. various column chromatographies, etc. 

Further the intermediates may also be provided in the subsequent reaction, without being particularly 

purified. 

Compound (I) includes stereoisomers of a-form and 4>form with respect to stereochemistry. In general. 
55 the methods described above often give a mixture of these stereoisomers. Isolation and purification of these 
stereoisomers can be made in a conventional manner used In organic synthetic chemistry, for example, by 
column chromatography, recrystalllzation. etc. 
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Further, if desired, a- and /3-forms may be tsomerized from each other. This can be made by treating 
each isomer in a reflux of. e.g.. acetic acid, for t to 24 hours, in the presence of an appropriate acid catalyst 
such as p-toiuenesutfonic acid. etc. 

In the present invention. Compound (I) includes not only the a-ff stereoisomers described above but 
s also all possible stereoisomers and a mixture thereof. 

In case that salts of Compound (I) are desired to obtain, when Compound (I) is obtained in the form of a 
salt. Compound <l) may be purified as it is. Further in case that Compound (I) is obtained in a free form, 
salts may be formed in a conventional manner. 

Furthermore. Compound (M) and pharmaceutically acceptable salts (hereof may also be present in the 
10 form of addition products to water or various solvents: these adducts are also included in the present 
invention. 

Specific examples of Compound (I- 1) obtained by various methods are shown in Table i. 
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H,CV"Y 

HgCO-S^ 



N-R 
CH3 



Compound No. 



1 -(CH2)20H 

2 -CH2CH(OH)CH20H 

3 -(CHzlaCOaH 

4 -(CH2)20CO-W^N-CH3 

5 -CO(CH2)2C02Na 

6 -COCHj-WnD 

7 



-COCH2N(CH3)2 
8 -COCH2-N^N-CH3 



9 /=^^^i 



-CO- 



NH2 

1 0 -CO-N^N-CHa 



These compounds are in the form of a mixture of aisout 1:1 stereoisomers at the 3-position. 
The pharmacologicai activities of Compound (M). were illustrated below. 
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Experimental Example 1 

Growth Inhibition Test on HeLa S3 Ceils: 

5 HaLa 83 cells were suspended m an MEM medium containing 10% fetal calf serum and 2 mM 
glutamine at a concentration of 3 X 10* cells ml, and 0.1 mt of the cell suspension was put into each well of 
a 96*well microtiter plate. 

After cutturing at 37 *C overnight in a carbon dioxide gas incubator. 0.05 ml of a test sample 
appropriately diluted with the medium was added to each well. The cells were further cultured for one hour 

to in the carbon dioxide gas incubator and the culture supernatant was removed. The residue was washed 
once with a phosphate buffer saiine [PBS(-)1 and 0 t ml of a fresh medium was added to each well, and the 
ceils were further incubated at 37 * C for 72 hours in the carbon dioxide gas incubator. After removal of the 
supernatant. 0.1 ml of culture medium containing 0.02<^'o Neutral Red was added to each well, and the cells 
were further incubated at 37 • C for one hour in the carbon dioxide gas incubator to stain the cells. After 

rs removal of the culture supernatant, each well was washed once with a physiological saline, and the dye was 
extracted with Q.OOiN HCI 30*^0 methanol. Absorbance of the extract at 550 nm was measured with a 
microplate reader. The ceil growth inhibition percentage was calculated according to the following formula 
from the absorbance of the extract of the cells treated with the test compound in various concentrations and 
that of intact cells. 

20 

Cell Growth Inhibition Percentage (%) 

(absorbance of cells treated (absorbance of 

- inn - with test compound) - cell-free wei n 

(absorbance of intact cells) - (absorbance of 

cell-free well) 

From the cell growth inhibition percentage thus obtained, the concentration of the test compound which 
inhibits cell growth by 50% (ICso) was determined. 
The results are shown in Table 2. 

35 Table 2 



Compound 


ICsc (UM) 


No. 




1 


2.2 


2 


1.9 


3 


4.6 


6 


2.2 


7 


1.5 



25 



30 



Experimental Example 2 

(1) Protein kinase C inhibitory activity 

Protein kinase C inhibitory activity (PKC) was measured by the method of Kikkawa, et al. (Journal of 
Biological Chemistry. 257. I334t (1982)). 

That is. 10 u I of a lest solution containing UCN-01. Compound No. \-a or Compound No. ^■$ was 
added to 250 at of a solution containing 2.5 umoles of magnesium acetate. 50 ug of Histone Type IIS 
{manufactured by Sigma Co.. Ltd.). 20 ug of phosphatidyl serine. 0.8 ug of diolein. 25 nmoles of CaCI?. 5 
ug of crude enzyme (partically purified from rat brain according to the method of Kikkawa. et al.) and 5 
umoles of Tns-hydrochloride buffer (pH 7.5), followed by incubation at 30 'C for 3 minutes. Then, 
phosphorylation was initiated by addition of 1.25 nmoles of [7-"pjATP(5 to 10 x 10' cpm/nmote). followed 

13 
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by incubation at 30'C for 3 minutes. The reaction was stopped by adding 2S% trichloroacetic acid (TCA). 
and the reaction solution was filtered through a cellulose acetate membrane (pore size of 0.4S urn) 
(manufactured by Toyo Filter Paper Co.. Ltd.). After the membrane was washed four times with 5% TCA. 
radioactivity remaining on the membrane was measured. As a control, the same procedure as above was 
5 repeated without addition of the test solution and radioactivity was likewise measured. A concentration of the 
test solution showing 50% inhibition as compared with the control was expressed as ICso. 
The results are shown in Table 3. 

(2) Protein kinase A inhibitory activity 

to 

Protein kinase A inhibitory activity (PKA) was measured according to the method of Kuo, ei al. 
(Biochemistry. 64. 1349 (1969)]. 

That is. 10 ul of a test solution was added to 250 al of a solution containing 5 iimoles of Tris- 
hydrochloride buffer (pH 6.8). 2.5 umoles of magnesium acetate. 100 ug of Histone Type IIS (manufactured 
rs by Sigma Co.. Ltd.), 0.25 nmoies of C-AMP and 200 ug of crude enzyme (partially purified from calf heart 
according to the method Kuo. el al.). Subsequent procedures were conducted in a manner similar to the 
case of measuring protein kinase C inhibitory activity described above to determine ICso. The results are 
shown in Table 3. 

20 Table 3 



Test Compound 


iCio (ng/mt) 


PKC 


PKA 


PKA'PKC 


UCN-01 


2 


20 


10 


Compound No. i-q 


2.2 


260 


116 


Compound No. 1-^ 


19 


370 


20 



30 

Compound No. i-o and Compound No. have a selective inhibitory activity on protein kinase C. 
compared with UCN-Oi. 

Experimental Example 3 

35 

Platelet increasing activity of Compound {\•^) was examined. Compound No. 1-q obtained in Example 
13 was suspended in 0.3% carboxymethylcellulose aqueous solution containing 5% Tween 80. 0.2 ml of 
the suspension was iniraperitoneally administered to six Baib c mice (male, aged 7 weeks) at a dosage of 
20 mg kg once a day for 5 days. The blood (20 at ) was collected from the ophthalmic descending aorta at 
40 the times, just before the test compound administration (Day 0). the 7th day (Day 7). the I4th day (Day 14). 
the t7th day (Day 17) and the 28th day (Day 28). The number of platelets was counted by a microceltooun- 
ter. The result is shown in Table 4. 
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Table 4 



10 



ts 



mouse 


Number of platelets 


Day 0 


Day 7 


Day 14 


Day 17 


Day 28 




81.8 


128.3 


113.7 


115.0 


117.3 


ff2 


89.6 


ng.2 


122.5 


113.6 


123.5 


»Z 


75.0 


130.1 


118.8 


m.9 


1190 


»4 


89.7 


153.8 


145.9 


159.1 


113.7 


#S 


97.0 


141.0 


121.2 


137.1 


105.8 




86.5 


140.1 


101.7 


125.5 


125.3 


(mean) 

(standard deviation) 


86.6 
7.5 


135.4 
12.1 


121.1 
13.7 


127.0 
18.3 


117.4 
7.1 


relative value (%) 


100 


156.4 


139.8 


146.7 


135.1 



The compounds obtained by the Present invention which are effective as anti-tumor agent, are used in 
the form of an injection. They are dissolved in a diluent which is conventionally used in the art, such as a 
physiological saline solution, or glucose, lactose or mannitot solution for injection. Alternatively, the 
compounds may be freeze-dried according to the Japanese Pharmacopoeia to give a powder for injection 
or may be prepared into a powder by adding sodiunn chloride thereto. In addition, the injection may also 
contain an auxiliary agent such as polyethylene glycol or HCO60 (surfactant manufactured by Nikko 
Chemical Co.). as well as carrier such as ethanol and/or liposome or cyc!odextrin. The injections are 
generally used for intravenous administration, but may also be used for intra-arterial administration, intra* 
peritoneal administration or intra-thoracical administration. 

Where Compounds (l-i) are used as a peroral drug, they may also be formed into tablets, granules, 
powder or syrup for oral administration with an appropriate excipient, disintegrator, binder or lubricant in a 
conventional manner. Further. Compound (t-1) may be mixed with a conventional carrier and formed into 
Suppositories for rectal administration In a conventional manner. 

Dosage may appropriately vary according to the administration schedule, the kind of Compound (M). 
and the age and condition of a patient. Administration schedule may also be varied according to the 
condition of a patient and the dosage. For example, the compounds can be administered in a dose of O.Oi 
to 20 mg.kg once a day (single administration or cumulative administrations) or intermittently once or three 
times a day or once three weeks. 

Certain embodiments of the invention are illustrated in the following examples. 

Example i 

100 mg (0.21 mmol) of staurosporine (commercially available from Kyowa Medex Co.. Ltd.. Japan) was 
dissolved in a mixture of 4 ml of DMSO and 1 ml of 2N sodium hydroxide. The solution was stirred 
overnight at room temperature. The reaction solution was diluted with ethyl acetate, washed with water and 
brine in order, and dried over anhydrous magnesium sulfate. The solvent was evaporated, and the residue 
was purified by silica gel column chromatography using the elution with 0%. 4%, 6%. and 10% acetone- 
containing chloroform in order to obtain 60 mg (yield: 59%) of UCN-Ot. 

Example 2 

The same procedure as described in Example l was repeated, except that 0.5N sodium hydroxide was 
used in place of 2N sodium hydroxide, and 2.2g (yield: 70%) of UCN-Ol was obtained from 3.O9 of 
staurosporine. 

Example 3 

300 mg of Compound (e) as obtained in Reference Example 1 was dissolved in 20 ml of OMSO and 6.6 
ml of 0,5N sodium hydroxide and stirred overnight at room temperature. The reaction mixture was diluted 

15 
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with THP. washed with brine, and dried over anhydrous sodium sulfate. Then, the solvent was evaporated, 
and the residue was purified by silica ge) colunnn chromatography (eluent: 5 95 methanol/chloroform) to 
obtain 140 mg (yield: 45%) ol Compound No. i. 

•HNMR (DMSO-dsJ « lppfT\): 4.25 (s. 1H). 6.84 (dd. 1H. J = 3.84, 8.98). 7.28 • 8.51 {m. 7H). 8.75 (S. 1H). 9.24 
5 (d. 1H. J = 8.03) 

SIMS (m'2):527 (M + l)' 

Example 4 

10 The same process as described in Example 3 was repeated except that 96 mg of Compound (f) as 
obtained in Reference Example 2 was used in place of Compound (e). to obtain 43 mg (yield: 43%) of 
Compound No. 2. 

HNMR (DMSO-ds ) 6 (ppm): 7.30 - 8.52 (m. 7H), 9.25 (d. I H. J = 7.87) 
SIMS (m i): 557 (M+D* 

rs 

Example 5 

The same process as described in Example 3 was carried out. except that 400 mg of Compound (g) as 
obtained in Reference Example 3 was used in place of Compound (e), to obtain 172 mg (yield: 42%) of 
30 Compound No. 3. 

'HNMR (DMSO-dfi) a (ppm): 1.23 • 1.59 (m. 2H). 4.24 (s. IH). 6.43 (s. 2H). 6.82 - 6.86 (m. 1H). 7.28 • 8.51 
(m. 7H». 8.76. 8.77 (2xs. IH). 9.24 (d. IH. J = 8.00) 
SIMS {m z): 569 (M+1)' 

25 Example 6 

The same process as described in Example 3 was repeated, except that 74 mg of Compound (h) as 
obtained in Reference Example 5 was used in place of Compound (e). to obtain 28 mg (yield: 37%) of 

Compound No, 4. 

30 'HNMR (DMSO-dO 5 (ppm); 4.23 (s. IH). 7.28 - 8.50 (m. 7H). 8.75 (S. IH). 9.23 (d. IH. J = 8,01) 
SIMS (m z): 653 (M+1)* 

Example 7 

35 The same process as described in Example 3 was repeated, except that 450 mg of Compound (i) as 
obtained in Reference Example 6 was used in place Of Compound (e). to obtain 215 mg (yield: 45%) of 
Compound No. 5. 

•HNMR (OMSO-ds) 5 (ppm): 4.24, 4.26 (2xbr.s. IH). 5.01 (m. IH), 6.45 (br.s. IH). 6.99 - 7.03 (m. IH). 7.28 • 
8.50 (m, 7H). 8.87 (br.s. IH). 9.23 (d. IH. J = 7.96) 
40 SIMS (m'Z): 653 (M-»-1)* 

Example 8 

The same process as described in Example 3 was repeated, except that 150 mg of Compound (j) as 
JS obtained in Reference Example 8 was used in place of Compound (e). to obtain 93 mg (yield; 61%) of 
Compound No. 6. 

HNMR (DMSO-dfi) « (ppm): 2.32. 2.33 (2xs. 3H). 2.88, 2.90 (2xs. 3H), 6.45 (S. IH). 701 - 7.06 (m. 1 H), 7.29 
• 8.50 (m. 7H). 8.81 (s. IH). 9.23, 9.25 (2xd. IH. J = 7.90) 
SIMS (m'Z):6l0(M'»l)' 

50 

Example 9 

The same process as described In Example 3 was repeated, except that 180 mg of Compound (k) as 
obtained in Reference Example 9 was used in place to Compound (e). to obtain 104 mg (yield: 56%) of 
55 Compound No. 7. 

'HNMR (OMSO-di) 5 (ppm); 4.24 (s. 0.33H). 4.27 (s. 0.33H). 4.39 (s. 0.17H). 4.42 (S. 0.17H), 6.44 (s. 0.I7H). 
6.46 (s. 0.33H), 7.30 - 8.52 (m. 7H). 8.78 (S. IH). 9.22 (d. 0.66H, J a8.27). 9.24 (d. 0.34H. J = 8.39) 
SIMS (m.'2): 568 (M*1)' 
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Example \0 

The same process as described in Example 3 was repeated, except that (62 mg of Compound (L) as 
obtained in Reference Example 10 was used in place of Compound (a), to obtain 99 mg {yield: 59%) of 
5 Compound No. 8. 

HNMR (Dl^SO-dO 5 (ppm): 4.24 (S, 0.35H). 4.26 (s. 0.3H). 4.48 (S. 0.2H). 4.51 (S. 0.15H). 7.30 - 8.52 (m. 
7H). 8.78 (S, 0.65H). 8.79 {s. 0.35H). 9.22 (d. 0.65H. J = 7.56) 
Sms (m z): 623 (M+l)* 

to Example 1 1 

The same process as described in Example 3 was repeated, except thai 142 mg of Compound (m) as 
obtained in Reference Example 12 was used in place of Compound (e). to obtain 39 mg (26%) of 
Compound No. 9. 

ts HNMR (DMSO-dO 6 (ppm); 5.81 • 5.99 (m. 3H), 6.43 (s. 0.9H), 6.51 (s. O.IH). 7.28 • 8.49 (m. 7H), 9.19 (d. 
0.9H. J = 7.86) 
S\MS (m-z): 616 (M+ l)* 

Example 1 2 

20 

The same process as descnbed m Example 3 was repeated, except that 129 mg of Compound (n) as 
obtained in Reference Example 14 was used in place of Compound (e). to obtain 69 mg (yield: 49%) of 

Compound No. 10. 

■HNMR (OfVlSO-di) 6 (ppm); 4.35 (s. IH). 6.87 (s. 1H). 6.96 <dd. IH. J = 5.02. 8-79). 7.29 - 8.51 (m. 7H). 8.78 
2S (s. IH). 9-23(d. 1 H.J = 7.94) 
SIMS (m..z); 609 (M* 1)^ 

Example 13 

30 466 mg (1 mmol) of staurosporine and 360 mg (3 mmol) of glycolaldehydedimer were dissolved in a 
mixture of 50 ml of tetrahydrofuran and 5 mi of water. The solution was adjusted to pH 5 to 6 with 3N 
hydrochloric acid. To the solution was added 188 mg (3 mmol) of sodium cyanoborohydride and the 
mixture was stirred for 2 hours. The reaction mixture was wasiied with saturated aqueous sodium 
bicarbonate and dried over anhydrous sodium sulfate. The solvent was evaporated, and the residue was 

35 purified by silica gel column chromatography (eluent: S'95 methanolfChloroform) to obtain 460 mg (yield: 
90%) of an intermediate compound. 

The intermediate compound: 

40 HNHR(DMS0-d5) S (ppm); 4.99 (S. 2H), 6.86 (dd. IH. J ="3.43. 8.87). 7.27 ■ 8.07 (m. 7H), 8.54 (s. IH). 9.30 

(d. IH. J = 7.78). 

Slf^S (m.z): StUfVI + l)' 

300 mg of the intermediate compound obtained above was dissolved in a mixture of 20 ml of dimethylsut- 
foxide and 6.6 ml of O.SN sodium hydroxide and the solution was stirred at room temperature overnight. The 
45 reaction mixture was diluted with tetrahydrofuran. washed with brine, and dried over anhydrous sodium 
sulfate. The solvent was evaporated and the residue was purified by silica gel column chromatography to 
obtain 140 mg (yield: 45%) of a 1:1 mixture of o-form and j3-form of Compound No. 1. Each form was 
isolated from each other by HPLC (eluent: 1/20-80 28% aqueous ammonia water, methanol). 

50 (l-g) 

HNMR (OMSOdft) 6 (ppm); 2.149 (S. 3H). 2.403 (S. 3H). 4.253 (br. s. IH), 6.436 (s. 2H). 6.844 (dd. IH. 
J = 3.6. 8.9), 7.282 - 8.454 (m. 7H). 8.763 (S. 1 H). 9.240 (dd. 1 H. J » 1 .0. 7.9) 
sms (m.'2); 527 {M*\y 
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'HNMR (DMSO-Ck) i (ppm): 2.202 (s. 3H). 2.397 (s. 3H). 2.803 {m. IH). 4.258 (bf. s. tH), 6.429 (s, 2H). 
6.844 (dd IH. J = 4.1. 9.0). 7.281 -8.508. (m. 7H). 8.788(5. IH). 9.244 (dd. IH.Jsl.O. 7.9) 
SIMS (m E); 527 (M^-i)- 

Reference Examples are given below, and the structures of the starting compounds as obtained in 
Reference Examples are sfnown in the following Table 6. 
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Table 6 




Reference 
Example No. 


Compound No. 




1 


e 


-(CH2)20H 


2 


f 


-CH2CH(OH)CH20H 


3 


g 


HCH2)3COOH 


4 


a 


-(CH2)20COO-<^N02 


5 


h 


-{CH2)20CO-fr^N-CH3 


6 


1 


-CO{CH2)2COOH 


7 


b 


-COCH2CI 


8 


j 


-COCHj-^^O 


9 


k 


-COCH2N(CH3)2 


10 


L 


-COCHj-I^^N-CHa 


11 
12 


c 
m 


^N02 
/=.NH2 


13 


d 




14 


n 


— CO-N^N-CH, 



Reference Example I 

466 mg (1 mmol) of staurosporine and 360 mg (3 mmol) of glycolaldehydedimer were dissolved in 50 
ml of THF and 5 ml of water and the solution was adjusted to pH from 5 to 6 mih 3N hydrochloric acid. To 
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{he resulting solution was added 188 rng (3 mmoi) ot sodium cyanoborohydride and Stirred for 2 hours at 
room temperature. The reaction solution was washed with saturated aqueous sodium bicarbonatd and dried 
over anhydrous sodium sulfate. Then, the solvent was evaporated, and the residue was purified by silica gel 
column chromatography (5:95 methanol chloroform) to obtain 460 mg (yield: 90%) of Compound (e). 
5 mMR (DMSO-ds) a (ppm): 4.99 (S. 2H). 6.86 (dd. IH. J = 3.43. 8.87). 7.27 • 8.07 (m. 7H). 8.54 (s. 1H). 9.30 
(d. IH. J = 7.78) 
Slf^S <mz): 511 (M + l)* 

Reference Example 2 

10 

In the same manner as described in Reference Example i. 528 mg (yield: 98%) of Compound (f) was 
obtained from 466 mg (1 mmol) of slaurosporine and 870 mg (3 mmoi) of glycolaldehydedimer. 
'HNf^R (Of^SO-dg) 6 (ppm): 4.98 (S. 2H). 6.87 (dd. IH. J = 3.44. 9.18). 7.27 • 8.07 (m. 7H). 8.53 (s. IH). 9.30 
(d. IH. J = 7.89) 
15 Slf^S (m 2): 541 (fVI ♦ 1) + 

Reference Example 3 

In the same manner as described m Reference Example 1. 53 mg (yield: 92%) of Compound (g) was 
20 obtained from 47 mg (0.1 mmol) of staurosporine and i30 ixl (0.2 mmol) of succinic semialdehyde. 

•HNfy/IR (OMSO-d^) 6 (ppm): 4.98 (S. 2H). 6.87 (br. d. 1H. J * 6.25), 7.28 • 8.06 (m. 7H). 8.54 (s. IH). 9.30 (d. 
1 H.J = 7.89) 

Reference Example 4 

25 

484 mg (0.95 mmol) of Compound (e) as obtained in Reference Example 1 and 382 mg (1.9 mmol) of 
nitrophenyl chloroformate were dissolved in 25 ml of THF. and 0.26 ml of triethylamine was added thereto 
and stirred for 3 hours under ice-cooiing. The reaction mixture was washed with saturated aqueous sodium 
bicarbonate and brine, and dried over anhydrous sodium sulfate. Then, the solvent was evaporated, and the 
30 residue was purified by silica gel column chromatography (1090 acetone/chloroform) to obtain 394 mg 
(yield: 86%) of Compound (a). 

'HNMfl (DMSO-dO 5 (Ppm): 2.12 (s. 3H). 2.42 (s. 3H). 2.61 (s, 3H). 3.95 (t. IH. J = 5.4). 4.97 (s. 2H). 6.66 
(dd, tH. J = 3.4. 8.3). 6.92 - 8.30 (m, tlH). 8.53 (s. IH), 9.30 (d. IN. J = 8.0) 
SIMS (m Z); 676 (M + 1)4- 

JS 

Reference Example 5 

168 mg (0.26 mmol) of Compound (a) and 88 ul (0.79 mmol) of N*methylptperazine were dissolved in 
15 ml of chloroform, and 0.1 1 ml (0.79 mmol) of triethylamine was added thereto and stirred overnight. The 
40 reaction mixture was washed with saturated aqueous sodium bicarbonate, water and brine in order, and 
dried over anhydrous sodium sulfate. Then, the solvent was evaporated, and the residue was purified by 
silica get column chromatography (397 methanol chloroform) to obtain 77 mg (yield: 46%) of Compound 
(h). 

HNIVIR (OMSO-dfe) & (ppm); 2.10 (S. 3H). 2.41 (s. 3H). 2.60 (s. 3H). 3.76 (m. 2H). 4.24 (s. 2H), 4.98 (s. 2H). 
45 6.85 (dd. 1 H. J a 3.42. 8.48). 7.27 - 8.05 (m. 7H). 8.53 (S. 1 H). 9.30 (d. 1 H. J = 7.84) 
SIMS (m z); 637 (M + I)* 

Reference Example 6 

so 14 mg (0.03 mmol) of staurosporine and 6 mg (0.06 mmoi) of succinic acid anhydride were dissolved in 
0.2 m! of DMF. and 2 mg of dimethylaminopyridine was added thereto and stirred for 4 hours at room 
temperature. The reaction mixture was diluted with CHClg. washed with 5% aqueous hydrochloric acid, 
water and brine in order, and dried over anhydrous sodium sulfate. Then, the solvent was evaporated, and 
the residue was purified by silica gel column chromatography (10 90 methanol/chloroform) to obtain 16.6 

55 mg (yield: 98%) of Compound (i). 

HNMR (CDClj.'COaOD 10/1) 5 (ppm): 4.00 (d. IH. J = 2.20). 4.96 (s. 2H). 6.61 (m. IH), 7.17 • 7.98 (m. 7H). 
8.53 (S. IN). 9.35 (d. IH. J » 6.59) 
SIMS (m z): 566(M+1)-»> 
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Reference Example 7 

932 mg of staurosporine was dissolved m 10 ml of pyridine, and 0.64 ml of chloroacetyl chilofide was 
added thereto and stirred for 8 hours under ice-cooling. The reaction mixture was diluted with chlorofornn. 
5 washed with i N hydrochloric acid, saturated aqueous sodium bicarbonate and brine in order, and dried over 
anhydrous sodium sulfate. Then, the solvent was evaporated, and the residue was purified by silica gel 
column chromatography (1090 methanot chloroform) to obtain 184 mg (yield: 18%) of Compound (b). 
HNMR (DtVISO-ds) i (ppm): 5.01 (s. 2H). 7.03 - 7.08 {m. IH). 7.28 - 8.29 (m. 7H). 9.31 (d. IH. JS8.06) 
SIMS (m.^): 543 (M + ir 

to 

Reference Example 8 

200 mg (0.37 mmoD of Compound (b) and 0.16 ml (1.85 mmol) of morpholine were dissolved in 20 ml 
of chloroform, and 0.26 ml (1.85 mmol) of triethylamine and 0.32 ml (1.85 mmol) of diisopropylelhylamine 

rs were added thereto and stirred for 2 days. The reaction mixture was washed with brine and dried over 
anhydrous sodium sulfate. Then, the solvent was evaporated, and the residue was punfied by silica gel 
column chromatography (5-95 methanol. ethyl acetate) to obtain 186 mg (yield: 85%) of Compound (j). 
■HNMR (0MSO-d%) i (ppm): 2.35 (s. 2.tH), 2.44 (s. 0.9H). 2.62 (s, 0.9H), 2.66 (s, 0.9H). 2.78 (s. 2.1H). 2,88 
(S. 2.1H). 4.24. 4.49 (2xs. 2H). 5.00 {s. 2H), 7.00 (dd. 0.3H. J = 5.76. 7.83). 7.03 (dd. 0.7H. J = 6.74. 8.32). 

20 7.28 • 8.08 (m. 7H). 8.55 (S. I H). 9.28 (d. 0.7H, J = 7.74). 
SIMS (m.z); 594 (M4.1)- 

Reference Example 9 



25 In the same manner as described in Reference Example 8. 190 mg (yield: 95%) of Compound (k) was 
obtained from 200 mg (0.37 mmol) of Compound (b) and 0.66 ml (7.37 mmol) of 50% aqueous 
dimethylamine. 

'HNMR (DMSO-ds) 5 (ppm): 4.24. 4.38 {2xt)T. s. IH). 5.00 (s. 2H). 6.98 (dd. 0.31 H. J = 5.12. 9.05). 7.03 (dd. 
0.69H. J = 6.68. 8.48). 7.28 • 8.08 (m. 7H). 8.56 (S. IH). 9.29 (d. 0.69H. J =8.07) 
00 SIMS (m 2): 552 (M + 1 )' 

Reference Example 10 



In the same manner as described in Example 8. 181 mg (yield: Sl'^'e) of Compound (L) was obtained 
35 from 200 mg (0 37 mmol) of Compound (b) and 0.21 ml (1.85 mmol) of N*methylprpera2ine. 

'HNMR (DMSO-ds) i (ppm); 4.24 (m. 0.75H). 4.48 (m. 0.25H). 5.00 (s. 2H). 6.98 (dd, 0.25H. J = 5.66. 8.64), 
7.03 (dd. 0.75H. J = 6.65. 8.42). 7.28 • 8.09 (m. 7H). 8.56, 8.57 (2xs. IH). 9.28. 9.30 (2xd. IH, J = 7.44) 
SIMS (mrz): 607 (M+D* 

40 Reference Example 1 1 

200 mg of staurosporine and 297 mg (i .29 mmol) of 3.5-dinltroben2oyichloride were dissolved in 20 ml 
of methylene chloride, and 1.2 ml (8.6 mmol) of triethylamine was added thereto and stirred for 0.5 hour 
under ice-cooling. The reaction mixture was diluted with CHCI3. washed with water and brine in order, and 
45 dried over anhydrous sodium sulfate. Then, the solvent was evaporated, and the residue was purified by 
silica gel column chromatography (3''97 methanolchloroform) to obtain 249 mg (yield: 88%) of Compound 
(c). 

'HNMR (OMSO-dfi) 6 (ppm): 2.47 (s, 3H). 2.64 (s. 3H). 2.78 (S. 3H). 5.00 (S. 2H). 5.14 (d. IH. J= 11.3). 7.11 
(m. IH). 7.29 ■ 8.98 (m. 10H). 9.30 (d, !H, J ^8.2) 
SO SIMS (m'z):66l (M^U* 

Reference Example 12 

200 mg (0.3 mmol of Compound (c) was dissolved in 4 ml of DME. and 130 mg of 10% Pd C was 
55 added thereto and stirred for 3 hours under hydrogen atmosphere at room temperature. The reaction 
mixture wad filtered through seliaite. and the solvent was evaporated. The residue was purified by silica gel 
column chromatography (5 95 methanol/chloroform) to obtain 150 mg (yield: 79%) of Compound (m). 
•HNMR (OMSO-ds) « (ppnn): 5.00 (s. 2H), 5.78 - 5.97 (m. 3H), 7.28 • 8.08 (m. 7H). 8.56 (s. IH), 9.29 (d. IH. 
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J = 7.95) 

SIMS (m'2): 601 (M + ir 
fleterence Example 13 

233 mg of staurosporine and 301 mg of niuophenyl chloroform ate were dissolved in 20 ml of 
chloroform, and 0.21 ml (1.5 mmol) of triethylamine was added thereto and stirred for 4 days under ice- 
cootlng. The reaction mixture was washed with saturated aqueous sodium bicarbonate and brine in order, 
and dried over anhydrous sodium sulfate. Then, the solvent was evaporated, and the residue was purified 
by silica gel column chromatography (10'90 acetone chloroform) lo obtain 265 mg (yield: 84%) of 
Compound (d). 

HNMR {DMSO-di ) 6 (ppm); 2.77 (s. 3H), 5.01 (s. 2H), 7.05 (m. IH). 7.30 - 8 09 (m. 7H). 8.59 (S. IH). 9.31 
(d. IH. JS7.92). 
S\MS (m'2): 632 (M+l)' 

Reference Example 14 

175 mg (0.27 mmol) of Compound (d) and 15 ml (1.4 mmol) of N-methylpipera2ine were dissolved in 5 
ml of OMF. and 0.2 mMi .4 mmol) of triethylamine was added thereto and stirred for 5.5 hours at 70 ' C. The 
reaction mixture was diluted with chloroform, washed with saturated aqueous sodium bicarbonate, water and 
brine in order, and dried over anhydrous sodium sulfate. Then, the solvent was evaporated, and the residue 
was purified by silica gel column chromatography fi090 methanoLchloroform) to obtain 145 mg (yield: 
90%) of Compound (n). 

HNMR (DMSO-d;) 6 (ppm); 239 (s. 3H). 2.59 (s, 3H). 2.66 (s. 3H), 4.36 (d. IH, J = 0.78). 4.42 (ddd, IH, 
J = 2 26. 4.88. 12.87), 5.00 (s, 2H). 6.98 (dd. IH, J = 5.22. 8.84). 7.28 - 8.07 (m. 7H). 8.56 (S. IH). 9.29 (d. 
IH. J = 7.91) 

SIMS (m. z): 593 (M^l)* 
Claims 

1. A process for producing a staurosporine derivative represented by Formula (I): 




wherein: 
0 represents 

hydrogen or 

-X-(CX2)«.Y.(CH2)„.Z 

wherein: 
X represents 

a single t>ond or -CO- 
Y represents 

a single bond or -CH(OH)- 
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Z represents 
hydroxy, 
0 C 0 N R* R'. 
in whfch each of R' and R' 

independently represents hydrogen or lower alky I. or R' and R^. combined together with the 
nitrogen atom adjacent thereto, form a heterocyclic group cart^oxyl. 
N RJ R*. 

in which each of R^ and R* 

independently represents hydrogen or lower alkyl. or R^ and R* . combined together with the 
nrtrogen atom adjacent thereto, form a heterocyclic group or, substituted or unsubstituted aryl, 
each of m and n independently represents an integer of from 0 to 6. 

or a pharmaceuticatiy acceptable salt thereof. 

which comprises oxidising a compound represented by Formula (il) 




CH3 

wherein Q has the same meaning as previously defined, with dimethyisuifoxide (DMSO) and an 
aqueous alkaline solution. 

A staurosporine denvative represented by the formula (I- 1 }: 




wherein: 

X represents 

a single bond or -CO* 
Y represents 

a single bond or -CH(OH)- 
Z represents 

hydroxy. 
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0 C 0 N R2. 

«n which each of and R-' 

indenpendentiy rdprdsents hydrogen or lower alkyi. or R' and R^. combined together with the 
nitrogen atom adjacent thereto, form a heterocyclic group 
5 cart>oxly. 

N R3 R*. 

in which each of R- and R* 

independently represents hydrogen or lower alkyl. or R3 and R*. combined together with the 
nitrogen atom adjacent thereto, form a heterocyclic group 
to or, substituted or unsubstrtuted aryl, 

each of m and n independently represents an integer of from 0 to 6. 
or a pharmaceuticaliy acceptable salt thereof. 

3. The staurosporine derivative according to claim 2, wherein both X and Y are a single bond, Z is 
15 hydroxy, and one of m and n is 0 and the other is 2. or both of m and n is one. 

4. A pharmaceutical composition comprising, as an active ingredient, an effective amount of the 
staurosporine derivative as defined in claim 2. and a pharmaceuticaliy acceptable carrier. 
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